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(57) Abstract: 

PROBLEM TO BE SOLVED: To provide an element with 
high luminescent efficiency and high stability by 
arranging at least one organic compound layer containing 
an organic compound having phenyl oxazole, phenyl 
thiazole, or a phenyl imidazole ring as a substituting 
group, between an anode and a cathode. 

SOLUTION: At least one of organic compounds 
represented by formula I, formula II, and formula III is 
contained. In the formula, R^ 2 o is H or a group capable 
of substituting (at least one is an alkoxy group, an 
aryl oxy group, a dialkyl amino group, an N-alkyl-N-aryl 
amino group, or a diary! amino group); Ar 1( Ar 2 , Ar 3 are a 
-divalent groupdrivenfrom"benzeneranthracene7aromatic _ 
heterocyclic ring, or aromatic hydrocarbon ring; is 
O, S, or N. Preferably, an organic electroluminescence 
element has a luminescent layer in an organic compound 
layer, and at least one of the compounds represented by 
formula I, formula II, and formula III is contained in 
the luminescent layer. 
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, 12. lg(78.8nunol) <F)T ir h - h ]) tV (100ml) »j« 

10.0g(35. 8mraol) &AD;Ljf # L /i, h P 
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-A'£*&l»*LT»e>;ftfc<6> &£tf«»Ki, 3-K 
^ y50g(320mmol) <hj^g£;£ U £ i*20g(l45rnmol) £ ?JD 
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C32) 




62 



3 4 5 6 8 6 



NH Z HCI 



Exemplified 
Compound (41) 



<fc> 



<7> 



[ 0 0 7 9] 4 - 3- K£.&#Kl7.3g(70minol) ^NM 
P( N-^f^t'py K> ) 100ml (C^U ^10*CtC 
7k7klCT&9J*#Lfc, ^O^fC, ^ft^^^/U5.9ml 
(81mmol) £«TU «TStt 2 B#Pfl«# L fc 0 
Jfctft* (w<7>* 15. 0g(58mniol) Jp #?J 2 BSPflSt J* L fc, 

^fcttttlfS^TKKft-T- h ]) <} J*<DfcB& (~pH8) 

1 p — h /uxyx/i/*y^- 7Kfn$)2. 2g(12mmol) &#P 
X. v Dean-StarkS«£Jf!^T h^^r/^flfct P,flft7k 
Lfc 0 h^y^^^f&^nfc^ ^PP-<yi?> 
100ml tU jiffy 1 5B#P B 1*Djft»SIELfc 0 £S^lC7K^ 

ttttitlf£&m\ £bftfcjg,SM4ft; 

OH 

^ ,NHCO- 

<7> 1 

H*CO' 



10 



20 




I 



#21.6g(86. l^llbiXfcc <8> , 5g(ll.5mmolh 4, 
4' - t'7 ^-/UvM^P >J£l. 4g(5. 8ramol) , fh^ 
7 h y 7 x j=./U7fc* 7 ^ >v^y i/$J*0. lg(0. 087mmol) 

5ml(23mraol) t V /vx. y80ml SriP SSxtSETflP 
fRiSjSLfco 9 £ < jg^L>S^fc*!)DMF90mli7K30nil 
£*P;t, I^OWJDiSi^Lf:, RfSME&SSKS 

u TK^sp^ettes^wmt^^xiatiaL, >*y- 

ffl^t^ p n*/u*tttti-t-5 (4 1) 

LT2.7g (61. 4tt) mZZb&VZtZo »£27 
5 -276 °C 0 

[ 0 0 8 0 ] ($SM4) f'J^fb^t) (4 3) CO£/£ 
[ 0 0 8 1 ] 
[ft 3 7] 



<9> 




OCM, 



Exemplified 
Compound (43) 



[ 0 0 8 2 ] *SW3 (CUT, 1, 5-ft7x 

>v># /UtK> K6. 7g(38. 8ramol)<7)NM PgfifcKigft;^ si- 
-^3. 4ml (46. 6mmol)^Sl^^^Tg$^ n y KtL, ^ 



~tf)¥l3<7>Tl^(777S " 

ftfC h U^f/P7; >'10.8ml(77. 6mmol)&85TU #J 3 
0 6 Ot^Pp&U HtcW 1 HfF«Uc 0 

^^asafcjp t7ksr*p^-cB»3i^/wT-tta l fc„ m 

m&Kf p P*vWi*£flP;iJf#U Aifi • ft»1-$::£ 
fc<t!9<9> &5tfe$**Nli: LT15. 7g(70%) '#fc c <9> 

/Ui*tCttl5£^£rStf#!/\, <9> , 8. 2g(14. 2ramol) t p 
- h/Vxy^/U^yK— 7KfP^)0.54g(2.83mmol) O ^ o 
n^yifXlSOml) j^fClOmlO DM I 4rJP^.jK) 4 0 B# 
M*D!R»J«Lfeo 5L&1> v Mfr<Dfc<OT\ &tp0. 54g Op 

7K^rflPx., #«x7)* p n*/Ui>T*attiU JSTkifttt^ ^ 

nn^/^i^tWU^^L, #^<7»y 



30 oZbizm, m^itS® (43) &4.8g(62%) <n*v 
>^fflHtiH:i:^t^t i».fe276 -278 

°C, 

[-0-0-8-3l--(-^^]"5l-^J^-ft^^-(-5-7i- 

[ 0 0 8 4 ] 2-7;/-5-y^^7;y-4-t 
-yf/l/7iy-/HL 7g(76. 9mmol) ^NMP (100ml) 
K8?d>U t^^lCl, 3, 5 -'Oif > h y ^^#*> 
•I^ay K6. 8g(25. 6mmol) &S*fiT*0x., -&L1 MMM 
S-ftftSLfcc p - h/vniy^/v^ vBe-7Kft«il4.6 
g(76. 9mmol) £ h /U:* >100ml £#P;t, Dean-Stark^® 



SrffioT7kS:»#*^6^ 1 5 B*fflflD»SitSE Lfco 
SffiTftlS-fSiiBSi&swtBL, >^y-/^S:flP^»i8 

(5 7) £14. 7g Zmtlo ^fiZ^ h7k K077 

« (57) *:12.8g(89.5W}#$Ci:^-e*fco iK*300 

[0 0 8 5 ] m^ik^m (63) 

[0 0 8 6 ] 
[ik3 8] 



(33) 



63 



¥fffl¥-l 1 - 3 4 5 6 8 6 
64 



COOH 



HOOC 




Exemplified 
Compound (63) 



COOH 



<10> 

[0 0 8 7] ^fiScOT 3 ^iClt, <10\ 2. 3g(5. 2mm 

ol) kmt^X-W, 2g(18. 7mmol) X 9 n ]} 

^cU v j e^ c t 3 (C<7> £4. 8g(18. 7mmol)*0;t, 7 0-9 0 

Sx p- h/U3i^^^*yR— TKfP^SrO. 7g(3. 8mmol) 
^ n n^>if>i00ml ^rtJDx, ^1 3 B$fW*DjR»fflE L 

HjCO 

<7> — - r i 




[0 0 9 0] 4 -~7u*nr7 2 -fJ^tfym 1 

Og(48mmol)oO b /H V (100ml) SffclCffiffc^^'i'S. 3m 
l(72mraol)£fiD;i, ft 3 B^ffl jDjR«j5E t fc, ^©iDM 

Wlfifg* <7> , 12. 4g(48mmol) t h^^> 100ml t NM 
P50ml&*D;i, 2 0 *C XffiW L , &*(C10 0°C*D 

-7Kft^9. lg(48nunol)£jSiQU Dean-Stark«fi£ ffl^ 
XttL&Lfttfbffal O^MJDfRSSeLfcc SitlcRLfc 

* AX*JW*a«E«3Rii- 5 C t (C J; 19 fe&&<Dik<& 

. C £ JC «fc 9 , ISl£j36##<ii>S:i5. lg 



mmt^m (63) ^m^&t tx2.7 g (52 

»»5:i^tHo »^230 -233 °C 0 
[0 0 8 8] (&l£ffl7) (7 9) 

[0 0 8 9] 
[ft 3 9] 

O s F"^ Exemplified 



(80%)l#TT~ < T^T"#~^o <U>. 570F(T277romon7~E'^~~ 
h y zc^/U*;* 7 ^ y >T)V>7 P y K200mg(0. 5mmol) 
^)NMP (50ml)?t^^, Mib v 830mg(l2. 2mmol) t 3 <? {£ 
77 y 2g(25.4mmol)£*D;t, S*&j*TSi&*> 6$) 

rF7t KP77>/y^y"/H»6S8itS 
CirlcfctK ffl^{t:£te (79) £i.4g(35%) %tz 0 R 
jfe297 -300 t: 0 

[0091] ^w^is^rWft^ii^aT^wwJi 

i: LT^1-SCt t>^JffiT**>6^. iSiSf-Cfc^ftK 



20 mm^u^m^nmm^, ttat^^^^m^n 
timi&xbfcmi-zzk&x-zzo *tz.xmw<D^m{t 
%m t (& <d mm t> l < it ie fttt&tt * *r 1- -5 

[0 0 9 2 ] jE7Ltti£tM5fi LTfiN, N ' 
/U-N, N' -t'^ (3-^^/^^^^^) -1, 1' 
-i/y ^^/U- 4 , 4'.-^/7;y (TPD) 
K ^ lt& m & - ®Z&0 f - % \ N h n Z> & ftfe lw ffl V Mb 

a-5tei: LT#i¥4 - 12 9 19 1 M¥4 
- 2 5 5 6 9 2-^^$&, ^l¥4 - 1 3 2 1 8 9 



(34) 

65 

#/\>K4>m s y$u*/T-ls* S7^DV7 = y, f 1 

1, {4- p - h y /UT * 7 ) 7 

i/^D-^^r^y\ 4 , 4 ' , 4 ' ' - h V / f~ 
/UhD7*-^7^;y, N, N f N' N ' -rh7^r^ 

(p-hy/u) - p -7x-i/y^7?y, 1- (n, 

N-^-p-h!)^7 5/ ) 4, 4 J -t" 

* (^>f^7;7) -2, 2' -i/yf/uh!)7s = 
'M * >\ N, N, N ' , N' -Th77x^^-4, 
4' -^7;V t'7i=/K N, N' -y7i^^- 70 
N, N ' -v^-m- h y ^- 4, 4' -^7;7 t"7x 

>\ 4-v^-p-h!J^7;;^f/^>\ 4- (v>- 
p-hy^7*/) -4' - [4-^-p-hU^7; 

y) ^^y/v] ^/u^y^x^/i^yfb^, by 

;uR*f*\ ;f!)7U-^7/Myi^ t'7/y>^ 
7y-^7;>fi», 7;y|W/^>fi^ ^ 

^rf/-/^|^ 7f U/u7y h7tyii*. y/u 20 
tuyyii*. tK^vm '>7tVR»i* N 
*Ky y^r^y y^g£f$\ ift#-r;d-y =f^-, 
^fU^7;>M, sts^^fyf^f y^fb^ 

#y 3 -y f^ft7xy|^if6ii^ 
y hlfwB^^.H^R^^fc, 

[0 0 9 3 ] Sfc^B^^SWfb^fi^ftSr^-t-^rffll 
5 5 6 9 2-^*lcffitt$JiT^£ J: 5 ft, -^y/^T 

& % *f-y /u^<y^>-^fb^*&*(f ^: tfcxz 

60 ^«)ttSWt LTI*, 2, 5-t'* (5, 7-is- 

-l, 3, 4 

-f 7^7/- >K 4, 4' (5, 
-2-^y/t^rf yjj/p) ^n^y, 4, 4' t*^ 
{5, 7 — *s- ( 2 -y ^/U- 2 -y^/U) -2-"<V 
y^r^ri^-yy^] ^/u^y,. 2, 5-fc'* (5, 7- 
v?- t -^yf-zu- 2 -^-Jir^^V y M *iry 4 
>\ 2, ( [5 Q-^fMyv ; /l'] 50 



11-345686 



66 



[5, 7 - V- ^-2-7'f ^) -2-^y 

y"^-^rihy' y /u] -3, 4-v ? tx^/i/ft7*y, 
2, s-t* ( 5 -y f-/u- 2 -^<y y^i^y y /U) 

^7h7^>\ 4, 4" -If* (2 ly/tH/U 

/U) t"':7 a^/K 5 - y f- /U - 2 - [2- [4- (5- 

^Oy^-^^-f /-/K 2- [2- (4-^nc7x^ 
;U) f-yV] t7 h [l, 2~d] * * "fr / - /V # if £> 
^>yt^t/-^l 2, 2' - (p-7i-U>^ 

t*= u >) - t"x^y/f7y-/i'/i:i: : ^>Vf7.y J 
-^ft ^c^yy fry'-/^, 2- [2- [4- (2 
-^yy'-f ; //y^) t"-/u] ^y/^f ? 

— /U\ 2- [2- (4-^/^l>y7i^/V) t'^ 

/u] -iy/>f * yy-yuftif^yy-Y 5 yy-A-^ft 

[0 0 9 4 ] MfE&JEl^y- hfkt^v; -f K£>M£ u 

xii, hy^ (8-^yyy-/W T/v^-?i^ t** 
(8-^f-yyy-^) -^y^>">i^ t"* (^yy 
[f] -8-^yyy-M m&\ tf* (2-y^/u- 
8-^y y/7-h) 7/^;-^t^yF\ by* 
(8-^y yy-M f/^^, by* (5-y^/v 
-8-^f-yyy-^) 7 /us = 8-^yyy-^ 
y? 1 ^ hy^ (5-^dd-8-^7 yy-^) # 
y^, t'* ( 5 d p - 8 -^y y y — ^) ^^-y 
^ix, #y [ffiis ( r r ) - (8 - 1 Ko^y- 5 
- ^ / y / n /u) y ^ y ] /^'"(08-t Ko^y^y y 
y^&JRIS^^y ^^^^t'y h*y ^^-y^^^if 6 
ix£ 0 7,^y /u^y-tf' y^fb^^^ LXfi, 1, 4 - f 
* ( 2 -y y /w) ^vf >\ 1. 4- (3-y 

^/W7.^yyu) ^yf y, 1, (2-y^/i^ 
x^y/u) ^<y^y N i N 4- ( 3 -y ^/U7.^y /v) 
-<yify, i s 4 - t'^r4"^"^7ir^-y-/i7)— 
y\ v^^-^y /u^y^'y, 1, 
f y/u) -<yi?y, 1, 4-t^ (3-^^/v^^y 
;u) -<yify % i x 4 - f ^ ( 2 f-^^f-y - 
2 -y ^/u^y^y^^^f ib^^o- /c> v^^/ut:* 

7v^yR*#tffli^^ *tott*0!li: Itft 2, 5 

-f* (4-y^/v^^y^) t'r^y, 2, 

(4 -ai^/u^^y /u) t°7^y, 2, [2- 
d-t7f/i') t*^/u] t'^e/y, 2, (4 
-y k ^-y^f-y /u) t°7^y\ 2, [2- 

(4-t'7x^M t'^/U] t'7*^y\ 2, 

[2- (i-t'y=./u) t'^/u] t'y >?ylf^^tf b^i 
-5o £<bl-s ^ KR*(*, ^y i^ yR«l*. 

3}-*^^ry-/uRa»*, 7/uyv?yRi(*:, y^a-< 

■y^i/3iyR«#,- ^f-U vur * >m&&. fcSiMi^ 
fflf 4 - 1 3 2 1 8 9^-^«(cffi«tSixTl^ J: 

ft, 7>h7ty\ i^-yf 1 ^^^, t°uy\ ao^y* 



67 

[0095] ^tzmmmt Lxttttmmmvi&^&m 

t> L< t$£&fr®\<^bi%, A K In, Mg, Ti, M 
ISftf 3. *<0*mi: It, SiO, Si 

o 2 , a 1 2 o 3 Qnmmmt®. mmm. *«fktt 

[0 0 9 6 ] ftfc*^^^^ hn/i/^>;t> 
^S^I-o^T, HtSffl&ffl^T, AfrMKffiifl'f €>, 

Bfl-ffW ft*E«l3gKtwJ:!9««l$*fc I TOS1S (te 

(3xi0- 6 torr) T-*PJR^- K «t 9 !&»«:fTl\ S 



(35) W¥l 1 - 3 4 5 6 8 6 

68 

ffffiLfco (20 
T\ 40%) lc»SU3O0tS(ca®*:««L, SSstM^S 
StefcfffilSLfco WWB*£ (ID f-^i-o fttw, It 
RMi: fCfb^^^WUflBSS 9-194393^ 

, U< fiWBB¥5 - 3 4 3 1 8 4^ (ff±i?n 

(A) - (E) tc»^-5a^*ilS]K(wLT«#BtSrf^dt 

u wimmmzn-itio w assess: (12) tc^-n 

[ 0 0 9 7 ] 
[IL4 0] 




C 4 H9<t) 



(A) 





69 


(36) 

M 1 


70 








(13) 

m<t$& (is) 
m<t&® (22) 

(4 1) 

m^it^m (4 3) 

««flS-M» (5 0) 
(5 7) 
W^tCT? (58) 
^*<b£4& (5 9) 
M*4td* (60) 
ft^<t£4& (6 2) 
(6 3) 

0J*fl:£fc (7 9) 
«*<M* (8 2) 


Mtt*WJ6, A 
^-s fiML o 

mm. o 
wetta*?. ft—* 8teRx 0 

«sm^«Fx o 
mm, o 
*^-x m 0 
mmfi#* a$&, o 


WW* 


[«2] 

£ 2 








(b) 
(c) 

fb^«f (d) 
*b£® (e) 


mnm^T^ m-m* a 


£®&a{b 
-WMfls 



[0 10 0] (H«fll2) fcic^JS^fll^ffc^ifetco 3S#«<7?jBiJ£*iS!iiBffla, **1fi'J£>«-* U * H 

^ h/l'$:SJ£1"'5fc*!)s #'J^t:'a^&#* ^ p n ^<0&ff (Intensity) teHrib 100 Olt't 

-Mc^Li^, W^»* J 2xio" 5: t^ 0 /o/i© ^ixJ^liit-^-uy^^^o t/y>?i:4 

Tir h>#T-j£3^&&#£5^m\ ft* 3) itRWHT, ±f£ t RaScD^fe-CffliEfk 

IE»S^(wJ:!9tt»$*fc5^Sffi±*-M^fb*^S:X (A) - (E) ^ffl^TM^ML, HkMft&& 

(3xi0 _6 torr) T^Dl&tf- K X V S M^Lfc, ffl «4) #380!<OM*MI: 

S±^l00nraiiaS^fcK<sf4:ffliKtfc o ffllU:^ £«>li, tbRMco^^t tb^T^^L »J»tt!»-e^-f 

SOB) (ciry h L*ft#te£ffiy£Lfco ^fc, 30 l<tLT, i, 1 < K-:/ 1 

Lfco SMEPJSfSIbefflIk ^TfefR'J^^^y 5/ hODJRtJS: [0 1 0 l] 







(Int.) 




(Int.) 


■_{wi)_ 


_(!■>.-_=, 


_(n«)_ 


(n.) 




(n.) 




357 


430 


59 


530 


333 


445 


57 


480 




388 


415 


59 


580 


347 


451 


73 


720 




358 


418 


57 


620 


338 


450 


62 


700 




396 


515 


92 


1000 «± 


398 


507 


60 


780 




441 


492 


61 


1000 ^± 


396 


505 


54 


880 




385 


406 


45 


1000 l£k± 


396 


453 


38 


940 




434 


471 


55 


1000 J£l± 


387 


483 


66 


650 




390 


416 


60 


700 


350 


455 


75 


750 




385 


414 


52 


780 


389 


432 


61 


730 



[0102) 



[«4] 



(37) 



71 



1 1-345686 

72 







(Int. ) 




&&&& 

(iDt.) 


(dm) 


(on) 


<iw> 


(run) 


(nm) 


<ns) 




338 


385 


52 


190 


331 


423 


48 


170 


item®) 


338 


405 


50 


250 


396 


432 


54 


180 




396 


412 


36 


310 


331 


412 


57 


190 




337 


397 


42 


380 


330 


430 


55 


260 




388 


435 


48 


110 


347 


460 


77 


60 



[0 10 3] (H«'J3) *38«^>M^b-&«iic:o^ 

1±SL ^-hlSlSlSQ) £>±{CTPD (hy^r^^/HJf 
5£^rM) %#y#'i'm<D$- K<fc <9 0. 1-0. 2 n m 
/s e c<D3R3t5fg-C5 0 nmI»U *<7>±K (H 

5) ^(c^-r^^^^ij^fb^^^ ^ y-j?/u§^*'- KJ: 

19 0. 1~0. 2nm/s e c ^||8ST"6 0 nmi 
*tfc 0 ^CAl-Li (S5«*Sffc^l±»!) £Li<D 
iSl 5 a t%<0A 1 — L i * > ^ >M<D sK 

— K ct f9 0 . 5nm/sec(DliIIta^ 2 0 0 n 

y h 2 3 6 Ml\ I TOKIES*, BMEl-ftffi&SMS 

355 ____ 



s-50Bi:j;*)iBijSLfcc $ b^m+vmmmftzm 
^snacieiii-eajffljBs^ i oocd/m 2 ir*e«t , 5^« 

(H5) lc^-r o JtRMtLT, ±iatlRll*<0* 
20 fetHtrfEfb^^ (A) - (E) £«-*#83fe!£fc$«fc 
5 duster hP^^-t-7iry^^^^^^L/L 0 ^ 

it, mm^Lxm+^n&&'&&£vm%:X'<t 

[0104] 
[15] 



rro/TPD/^j^^^^ao) 
/Ai-u 

ITOm>D/ffl^ffc£&(13) 
/Al-Ii 

ITO/TPD/^fb£&(41) 
/Al-Li 

rrom > D/^j^^b^fe(43) 

/Al-Li 
/Al-Li 



ttJE 

-(V)- 



4.0 



6.0 



40 



7.0 



6.0 



lOmAAsmMOOmA/cm 1 



(cd/cm 2 ) 



380 



300 



380 



280 



350 



(cd/cm*) 



2300 



"2000 



2300 



2200 



2000 



452 



^455 



452 



487 



460 



(nm) 



«»» 100 

(cd/cm 2 ) 



84 



155 



84 



70 



62 



20 ^rW 



20 ftm 



20 



10 mm 



[0105] 



ime) 



(38) 



11-345686 



73 



74 



£6 



fb<Sft(A) 
<bS*$!(B) 

fb£fc(D) 



rTO/TPD/{b£®(A) /Al-U 
ITO/TPD/ft-&^(B) /Al-U 
ITOm>D/{b£&J(C) /Al-U 
ITO/TPD/fh£»(D) /Al-U 
ITO/TPD/^£«E) /Al-U 



mflE(V) 



lOraA/cm 3 
(cd/cm 2 ) 



6.0 
6.0 
10.0 



120 
160 
80 



lOOmA/cm 2 
0 ML 

(cd/cm 2 ) 



E**^ YjV V} M 100 
K (cd/cm 4 ) W 



850 
1000 
600 



495 
448 
523 



(nm) 



62 
90 
75 



50 & 

1MB 

i0# 



[0 10 6] (HffiflU) ^M^f^b^&Mftl 

(teffiT-tt*!, K&fcU 5 Q) (OiCTPD ( h }) 
"r x ti^m^m **y*/HK<&#- KJ; 9 0. 1- 
0. 2nm/secroIliiIt'50nmHL^ ^ 
tf)±fc K-'<> ' hfi-**^W^fb-&* (X) kmtiffcftx 

btm (y) ^^sssSffitcj; <3®fiicLfco mmt^mo 

K-AVhtJfi (X) £*^*/uK<0**- K<fc9 0. 0 
1-0. 05nm/sect * fcfp]^^ * * h WW 
(Y) £0. 5-2. 5nm/s ec«)SSaST'*7 

*ii*(7)tb(i K-^>- KWW^W^fb^^ (X) 30 
(Y) ttO. 5*^%{c/££ J: o (CWg£fTo 

'^rnc'^zirr-^ 

L i 



itm±m) %L i WiSl 5 a t %Z>A 
■^y^^ryiO/f- K<t "9 0. 5nm/sec« 
5S«(CJ: 9 2 0 0 nm^BW T-*$U tB^^no 



(X) £**htm (Y) <0*&^£fr#&^W\ M 
fi<0«i]3£f* h^n ytfcK^)BM - 8/1^ *i?> h ^ 

^-jl^.^ h 2 3 6 ITOKjESS:. (tfiitw^ 

-ttKLS-5 0BKJ:<9»J£Lfco $ 6 K**tf>B» 
»y-*ptv^-^=s/ h 2 3 6) £»«U 3t^<£>i§ 
2 ^*i=-S:£««EiE»T-*!J»3««^l 0 0cd/m 2 , fifc 
<Dm&<D \z ft 3 B* RB & JH t L TP fffi Sr-fT 

ofco s^ffismfc (^7) ic^-t. tbtSWtLT, ±ie 

irl^1t^^&-C\ hW&h LXtflftitG® (C) & 
K.-'<> hWW£ LTffiiEfb£& (E) &ffl^T3§#« 

«E»W»*fTofc 0 f¥ffi*£*£ (H8) #38 

[0107] 
[*7] 



(39) 



75 



^¥ 1 1 - 3 4 5 6 8 6 
76 



*7 









ICmVcnf 


lOOmA/af 




^100(od/nr) 




















(X) 


CO 








(cd/m*) 


(ran) 


(nn) 








ITO/IPO/mi 

/ft] Ll 


8.0 


240 


1600 


471 


93 


18B^ 






ITO/TPD/f&AS 

/Al-I i 

/AJ Ll 


5.0 


350 


2700 


476 


72 


so fm 






lTO/lH)/3&fcE 
/Al-Li 


6.0 


270 


2200 


476 


86 


2Dtffl| 






ITO/7P0/mi 
/Al-Li 


6.0 


540 


4200 


497 


70 








/Al-Li 


5.0 


1200 


9400 


478 


74 


2008$$ 






IT0/lPD/m8 
/Al-Li 


3.5 


1050 


8600 


486 


59 


1808^ 






Al-Li 


5.0 


350 


2500 


494 


78 


ao-a$m- 



[0108] 



) 

£8 






[« 


8] 












mm 

(V) 


lOnrt/crf 
(cd/tf) 


lOOtrA/cm 2 
Ccd/m 7 ) 




^100(cd/cr) 


(X) 


(Y) 


(nnr) 


(nn) 








/Al-Li 


9.0 


50 


380 


472 


103 


10 # 



[0109] mmms) *&w<owmt&®&%i'iit 

fcffrSLfc. I TO OlBffi^ttSL v"- 

hj£tfU5Q) (7)JitrTPD ( h V fr* X^WfiffiSl) & 
9 > 9 >l>M<n#- K J: 9 O . 1~0. 2 n m/ s e c <T) 
ifjfSt'5 0nm!f * (7> JitcM^fL^*! (1 

e c<Z>«s4H£ST*4 O nmSS#Lfc, ^GQ-LiC (=g 9 ) 

O. 1-0. 2nm/sec^IiMT'2 5nmIi 

L/c: 0 $ ^(ca i - l i i&'i&mtmtm zi \ 

fi 1 5 a t %(OA 1 — L i y^7?yB^)#- 
KJ:'!9 0. Snm/sec^lfMta^OOnm 

h 2 3 6 £fflt\ ITOfcjEffiS:* (gfcKftffiSrSSi 



30. 



S-5 OB(Cj;i9iiJ^L/Co S 6 (£*^<0gE»#A«:W 

^^>fc^(c, u-t±^y-* 

> y K 2 3 6) ClffiffiU ST-tOiS^IESbK 

££«i«inttT?l9!]JH«£# 1 0 Ocd/m 2 , C^qJ:^: 

fflfiig** (19) tfctfiEM^ LT±IS^fp)ltoO^ 

feT\ mlEfb^^ (C) , (D) ^fcti (E) «3fe 

^t^iiiBtiEtSiKfttffofc, Pliffig^* (110) (^^ 

[0 110] 
[»9] 



(40) 



W-l 1-345686 



77 



78 





** 

«e 

(V) 


lOmA/cm 2 
(cd/cm 2 ) 


100m A/cm 2 
B$> (7? % Jfc 
(cd/cm 2 ) 






(cd/cm 2 ) 






** 


(nm) 








5.0 


450 


2000 


520 


90 


60 mN\ 




/MjWfc£»<50)/Al-Li 
















ito/tpd/$^^(io) 


4.0 


400 


2300 


450 


85 


70 mm 




















iTora>D/«^b£&(io) 


5.0 


370 


2300 


462 


84 


S3 mm 




/»TMfc-S*«K63)/Al-Li 
















ITO/rPD/fl^fc-&»(10) 


4-0 


410 


2600 


456 


78 


155 mm 



















[0111] 



[iioi 



10 





«*■ 

(V) 


lOmA/cm 2 
(cd/cm*) 


lOOmA/cm* 

mon& 

(cd/cm*) 




torn ioo 

(cd/cm*> 






(nm) 


(nm) 


mm 




TTO/TPD/^^fe(D) / 


10.0 


150 


900 


452 


83 


50£ 




*M*<C) /Al-li 
















ITO/TPD/ft£&(C) / 


10.0 


100 


700 


490 


70 


50 j£ 




«£«<D)/Al.Li 
















ITO/TPD/^^»(E) / 


12.0 


70 


500 


515 


81 


15 £ 




fc£*(D)/Al-Li 
















rro/rpiwfb#«(p) / 


9.0 


100 


600 


464 


84 


30# 



















[0112] 



[01] ^rfllaiu-^ h n/u^^s/irv^gR^^Wjao 

[0 9 9 9] 

[ft-^tfc^] 



(41) 



ftmW 11-345686 



[ill 




[SttlB] ¥$1 0*1 QM 2 3 P 
[*«MjE11 

[tiIE#&*S£] n»e 
[MjE*r«3SB*] 0 0 3 3 

[*3Ert«] 

[ 0 0 3 3 ] A r 2 fi^>'if>\ -fy -9 T>Yy 

ts^ tftgit^ty *>\ yy>\ 

^ (-Oif>\ i-y $ l->ttz.ttT> hy±>f£t*<D 



[^«SjE2 J 
[«IE*t#iSS£] ^*ffl» 
[ttjE*T**i*] 0 0 5 9 
HUE**] KJE 

[0 0 5 9 ] 
[fb 2 2] 



(42) 



I 1 - 3 4 5 6 8 6 



(59) 



(60) 




-R3CO 



(t)Bu 



[■1SjEW«*@*1 0 0 8 2 

[0 0 8 2 ] £/£M3 i:lRl«twL-C, 
> /U^'VSI6. 7g(38. 8mmol) <D NM P i^lcffijt^ 
^/V3.4ml (46. 6ramol)&R£$ii:XB^ p U Kit, * 
0O^{c<7> s 20g(77. 6mmol) £*D;tX^r&TJi# t tc 0 
h y x^/Pr 5 > 10. 8ml (77. 6ramol)&JgTU fa 3 
fa 6 0°C(C^D^L, 3! dfa 1 BSPpIKJS L fc 0 

* <£> s l 7K & #d ^ ttix ,u -ea m t fco m 
v ? ^ tt«« «ffl u x fi e> n s <o 

lcj;f9<9> Srjtfe»*ilSSt UX15.7g(70%)#fc o <9> 




Bu(t) 
0CH 3 

(iftttx^/l't v 1 h 7 t KP77 XC^tf p P /ft 

^jMC(ii5ir^^i^(t^l/\ <9> % 8. 2g(l4. 2mmol) £ p 
- h/Ujcy^/U*yK— TK^i^O. 54g(2. 83nunol) <7)^u 
p ^<> -if y (150ml) jg?fi*C lOmlCO DM I 0 B# 

FWKlt KJC#»a>ofciDX\ j^^O. 54g COp 

7k&*0;L, ^^D*^-e)i[ilU & 7k fill 

jg*£* p p*/u^^^L*D|RLX®^Lx D 
#^*'£E^X;&?*»K£fTofc 0 It^^fc^t^VC/ 

q:>CJ:^ (4 3) &4.8g(62%) (7?^- y 

y^»*8*tltS5lt*Stjfcfc, R£276 ~278 
TC. 



(43) 



Wifl¥l 1 - 3 4 5 6 8 6 



[MjE*t*«a*l 0 0 8 4 

[0 0 8 4] 2-T;y-5-^>f^7;^7xy- 
/M1.7g(76.9mmol) ^NM P ( 100ml) (-?£^U ^(^^ 
(CI, 3, 5 - ^ y f y h !l ^ n y K6. 8g (2 

5. 6mmol) &gi&TZ)D;l, ft 1 BSPd»#&-Bft;l*g Lfc 0 



p- h^3i>^^3t:>'^— 7KfP^J14. 6g(76. 9mmol) t h 
/UxviOOml &#P;t, Dean-Stark8®£ttoT7k&Rfc£ 

fe<7)3B*gS^ LTiaf^^^M^ft'g'* (5 7) &i 

4. 7g%'f#fc 0 ^^fh7tKn77>'/>^-^ 

SSttT-SiSfB-rSi:, toftftm*ik&%> (5 7) £1 
2.8g(89.5X)»-5Ci:^x*#:fco Btt^300 C C^± 0 



(72)i§0^# -frig m 02) mm^ 



